We perform a phenomenological analysis of the decays B → D * * π, where D * * is a P -wave excited meson with total angular momentum j = 
Introduction.
Our main purpose in this paper is to extract information on the lowest (n = 0) heavy quark Isgur-Wise functions τ 1/2 (1) and τ 3/2 (1) , that correspond to the + , quantities that are of importance in heavy quark physics, for instance in small velocity sum rules (SR). We will first make a naive estimation of these quantities from B 0 → D * * + π − decays assuming factorization and the heavy quark limit. We will moreover discuss the more involved decays B − → D * * 0 π − in which there is D * * 0 emission, in particular the sign of the interference between the π − and D * * 0 emission diagrams.
There are four P -wave D * * mesons corresponding to the coupling of the total quark spin S = 0, 1 and the orbital momentum ℓ = 1. In the language of the heavy quark limit, where the total angular momentum j of the light quark is a good quantum number (j = It is worth to recall that isospin symmetry relates the amplitudes of the three classes in this particular case, namely [3] :
terestingly, the narrow states have been observed, while only limits on the decays into wide states have been obtained, indicating a much smaller BR. The Belle data have recently drawed the attention of the theory [6] .
An enormous theoretical effort has been dedicated in the last five years to the understanding of non-leptonic two-body B decays in the cases of the emission of a light meson like π or ρ in the so-called QCD Factorization approach [7] , in the Perturbative QCD Factorization approach [8] or within the Soft Collinear Effective Theory [9] . These methods have been applied to two-body decays into ground state mesons. In the present paper we are dealing with decays into excited D * * mesons,
with both π or D * * emission diagrams. For Class I decays we have only the π emission diagram, and in this case we could in principle use the QCD methods of these papers. However, in Class III decays there is the diagram of D * * emission, a meson composed of heavy-light quarks, for which there are no rigorous results.
Moreover, we are dealing with the first measurements of these decays, that hopefully will be refined in the future. For these reasons, as a preliminary study, we will stick to the naive factorization approach [1] , [2] in order to investigate if there is a sensible description of the decays B → D * * π within this simple phenomenological approach.
Class I decays and the π emission diagram of Class III are related to the B → D * * form factors that, in the heavy quark limit, reduce to two Isgur-Wise (IW) functions τ 1/2 (w) and τ 3/2 (w) [10] . These form factors are of a significant theoretical importance, since they are related, at zero recoil w = 1, to the slope of the elastic IW function through Bjorken [10] , [11] and Uraltsev SR [12] .
In a recent paper we have tried to use the Belle data on Class III decays to extract τ 1/2 (w max ) and τ 3/2 (w max ), where w(q 2 ∼ = 0) ∼ = w max [13] . This calculation relied on a strong hypothesis, namely that the diagram of D * * 0 emission should be small.
We got some results on τ 1/2 (w max ), τ 3/2 (w max ) that were extrapolated to τ 1/2 (1), τ 3/2 (1) assuming the w-dependence of the form factors given by the BakamjianThomas (BT) class of relativistic quark models that yield covariant form factors exhibiting heavy quark symmetry [14] . We obtained τ 1/2 (1) ∼ τ 3/2 (1), at odds with the expectations of Uraltsev SR.
However, to neglect the D * * 0 diagram is a rough approximation that could be unfounded [15] . It is well-known that in some cases the color-suppressed diagrams like the D * * 0 emission one are often not as suppressed as one could expect on naive grounds. Therefore, our determination of τ 1/2 (w max ), τ 3/2 (w max ) has to be reconsidered using only Class I decays, now measured, and where only the π emission diagram contributes. Hence the interest of the new results on Class I decays on which we will first concentrate. Below we will come back to the interpretation of the results on Class III decays, taking into account D * * 0 emission. In what follows there is some unavoidable overlap with our Appendix B of ref. [13] from which some points are worth to be recalled.
The paper is organized as follows. In Section 2 we extract τ 1/2 (w max ), τ 3/2 (w max )
from Class I decays B 0 → D * * + π − using factorization, and discuss the question of the w-dependence and the extrapolation of τ 1/2 (w), τ 3/2 (w) at w = 1, the comparison 2 Extraction of τ 1/2 (w max ), τ 3/2 (w max ) from Class I decays.
Let us now consider the Class I decays measured by the Belle Collaboration, where for the wide states the masses of the results of Class III decays are assumed (Table 4 of Appendix A).
Assuming that these states decay essentially into two-body modes, i.e.
following branching ratios are given by a Clebsch-Gordan coefficient
To estimate B D 
Therefore, we obtain the branching ratios
From these BR, adding the errors in quadrature, we find roughly
We realize that the B B 0 → D
→ D * 0 π + , and the values are consistent only within 2σ. Using (2) for the other modes, and taking into account the large uncertainty from both results (10) one finds
Assuming factorization of π − emission, as it is reasonable within the BBNS QCD factorization scheme in the heavy quark limit [7] , and assuming that the states 1 It is interesting to notice that the rates (12), (13) are given, assuming the D * * for a given j = to be degenerate, by the expressions
where r = 
Within 1σ there is consistency between the different determinations of |τ 3/2 (w 0 )| and |τ 1/2 (w 0 )|, but errors increase considering both determinations. We conclude safely that we will have the numbers τ 3/2 (1.31) = 0.31 ± 0.12 We should keep in mind that we have two rather loose constraints on τ 1/2 (w), τ 3/2 (w), namely the values at w max (18) and the qualitative idea that the n = 0 IW functions should give a main contribution to Bjorken and Uraltsev sum rules.
Let us consider, as an illustration, the parametrization obtained within BT quark models (last reference [14] )
we obtain at zero recoil
to be compared with the values in the BT model
We find agreement for |τ 3/2 (1)| within errors, and |τ 1/2 (1)| could still be roughly consistent with the BT model.
Bjorken [10] , [11] and Uraltsev [12] sum rules write, respectively
It is understood that these SR are truncated at some n that corresponds to a scale ∆ ∼ 1 GeV and it is then natural to assume that the ground state dominates.
Keeping thus the n = 0 states, with which we are dealing here, we get contributions to Bjorken and Uraltsev SR that lie in the following ranges :
Therefore, the n = 0 states could give an important contribution to the SR and, considering this piece as dominant, low values for ρ 2 are not excluded nor the value 1 4 for the r.h.s. of Uraltsev SR.
There are other theoretical estimates of the IW functions τ 1/2 (w), τ 3/2 (w), mainly within the QCD Sum Rules approach [24] , [25] , [26] , [27] . The pioneering calculations of τ 1/2 (w) and τ 3/2 (w) [25] show indeed that at large w the slope of (19) . In view of the importance of the corrections, it would be interesting to have the corresponding calculation for τ 3/2 . This latter value for τ 1/2 (1) is larger than the value obtained in the present paper. On the other hand, in ref. [27] there is a calculation of both τ 1/2 (w) and τ 3/2 (w) (ζ(w) = 2τ 1/2 (w), τ (w) = √ 3τ 3/2 (w) [28] ) and gives τ 3/2 (1) = 0.43±0.08, τ 1/2 (1) = 0.13±0.04 and the slopes σ (21) and with (19) , τ 3/2 (w) being steeper than τ 1/2 (w). One should notice that a different interpolating field for τ 1/2 is used by [27] from the one in [25] , [26] , and that radiative corrections are absent. Recently, a lattice determination has obtained the values τ 1/2 (1) = 0.38(5) and τ 3/2 (1) = 0.53 (8), with unknown systematic errors [29] . These values imply a sizeable contribution to Uraltsev SR. Compared with the BT determination (21), τ 3/2 (1) is in fair agreement, while τ 1/2 (1) is larger, and in agreement with the QCDSR determination [26] . A fortiori, this latter value is much larger than the QCDSR result [27] , and also than the present phenomenological limit (18) obtained in the present paper, with the extrapolation from w max assumed here. We summarize the situation in Table 1 . ) in the different theoretical approaches, compared with the phenomenological determination at w max of present paper, extrapolated at w = 1 with the slopes of the BT quark model (19) .
3 Interference with D * * 0 emission in Class III decays.
Let us now consider Class III decays measured by the Belle Collaboration, that we summarize in Table 5 of Appendix A.
We have here the same BR as for the modes of Class I, namely
We find, adding the errors in quadrature
We realize that the values obtained for
Using (24) for the other modes, and taking into account the uncertainty from both results (25) one finds
Comparing these BR with the corresponding Class I (11) we see that there is a large difference for the j = states.
This is interesting and seems to indicate that the D * * 0 emission diagram could be very important [15] . This is likely, because the decay constants of j = 
As demonstrated in [18] , the equality f 3/2 = 0 follows intuitively from the fact that the multiplet j = does not hold. We assume, following [15] , that the decays
respectively, the vector and axial current.
We now consider both diagrams for Class III decays and we will take care of the delicate question of the relative sign between the π emission and the D * * 0 emission diagrams.
The decays B → D 1 π are respectively S-wave parity conserving and P -wave parity violating. Let us define in an homogeneous way the needed matrix elements (q = p − p ′ ) [18] . For π emission we need the current matrix
while for D * * emission [18] , [17] 
The minus sign for the definition of the D ) that yields the definitions (28) . From (29) , as predicted by heavy quark symmetry, one obtains,
and corresponds to the convention
Likewise, one must have
This is the convention that we have used in [18] , [17] (there is a misprint in formula (14) of [18] , corrected in [17] ).
We find for the rates (only one helicity amplitude contributes to the
We will use in these expressions the color-allowed and color-suppressed factors 1 π occur respectively in the S and P waves. The relative sign between both terms in (33) and (34) is crucial. Let us give an argument that shows that the interference is constructive. Instead of considering the π, let us consider the pseudoscalar D meson, composed of heavy-light quarks.
Our assumption is that the form factors and decay constants between ground state mesons do not change sign when going from heavy mesons made of heavy-light quarks to light mesons made of equal mass quarks. This is a very sensible continuity hypothesis that is satisfied in the quark model, since there are no nodes in these ground state wave functions, and the extrapolation in reduced mass is smooth.
On the other hand, this smooth continuity in mass is commonly used in lattice calculations, and it is also observed, considering for example the decay constants f Ds or f K and varying the c or s quark masses.
In [18] , [17] we did demonstrate (using duality in B 0 −B 0 mixing and also within the OPE) the following sum rules in the heavy quark limit of QCD for heavy-light form factors and decay constants, valid for all values of w :
where n denotes a radial quantum number, f (0) = f is the ground state decay constant and ξ (0) (w) = ξ(w) the elastic Isgur-Wise function. The decay constants
In particular, we have demonstrated that the rigorous SR (35) are satisfied within relativistic BT quark models and in the non-relativistic quark model. Within BT quark models, we have shown that a main contribution to the SR (35) comes from the n = 0 states, that has the same sign as the whole sum [17] and the same is true in the non-relativistic quark model :
where we have used the notations τ
Heavy quark scaling implies for B → D form factors :
and therefore Sign[f
Our continuum assumption linking heavy-light mesons to light mesons implies then, within a definite phase convention :
From (37) and (39) we get
Therefore, a relative constructive sign between the two contributions in (33) and (34) follows from (40) .
We need some input on the form factors f πB 0 (q 2 ) and f πB + (q 2 ). We could use the simple theoretically motivated pole-dipole parametrization for f
the Large Energy Effective Theory (LEET) [20] :
However, there is an empirical parametrization, inspired by (41) , that fits the lattice data on these form factors, proposed by Becirevic and Kaidalov [21] :
A fit to the lattice data [22] yields two sets of values for these parameters. We choose one of them, the other one yielding very comparable results : 
Moreover, we adopt, like in Appendix B, the parametrization for the form factors
given by (42)- (44).
Once we know the sign of the interference between the two terms in (33) and (34), we proceed as follows. We extract the decay constant f D 1/2 from these formulas comparing to the Class I ones
Adding the theoretical errors in quadrature and using the QCD coefficients (45), we find
Both determinations are roughly consistent, and we can keep the safe range
3.1 Comparison with theoretical estimates of f D 1/2 .
The value (49) is in reasonable agreement with the calculation of QCDSR [24] that gives, for decay constants of D mesons with 0 − and 0 + quantum numbers, including 1/m Q and α s corrections, the following numbers
There are also calculations within QCDSR in the heavy quark limit, without including α s corrections [25] , that give a larger value for f D(0 + ) , consistent within 1σ with (49)
Another estimation using QCDSR in the heavy quark limit [30] gives a larger value,
and correcting for the Bπ continuum [30] one gets the results
that are consistent with (49).
Within the Bakamjian-Thomas class of relativistic quark models [14] , the decay constants of heavy-light mesons in the heavy quark limit have been computed [17] . 
These values for 
These values for f D , f D * are much larger than the estimations given by lattice QCD [32] , [33] , even adding a 10 % error due to quenching (used in Appendix B) :
For f D(0 + ) one finds, in lattice QCD, keeping only the statistical error [34] ,
This latter value is consistent with the value obtained in the quark model of Veseli and Dunietz [19] :
These theoretical estimations of the f D 1/2 or f D(0 + ) decay constants, that become equal in the heavy quark limit, are not homogeneous in their methods. To make the panorama somewhat clearer, we summarize the results in Table 2 QCD Sum Rules (304 ± 40) MeV (heavy quark limit) [25] QCD Sum Rules (377 ± 53) MeV (heavy quark limit) [30] QCD Sum Rules (heavy quark limit, correcting (238 ± 66) MeV for Bπ continuum) [30] Lattice QCD (122 ± 43) MeV (finite mass) [34] Bakamjian-Thomas quark model (417 ± 13) MeV (heavy quark limit) [17] Veseli-Dunietz quark model (139 ± 30) MeV (finite mass) [19] Present phenomenological (206 ± 120) MeV determination from B → D * * π Table 2 . Theoretical predictions for the decay constant f D(0 + ) compared with the phenomenological determination of the present paper.
The table shows a rather scattered set of results, but there is the general trend that the decay constant is much larger in the methods that use the heavy quark limit. The largest value is obtained by the BT models. The subleading correction is negative. Also, we observe that the phenomenological determination of the present paper, that has a large error, agrees within errors with the methods including finite mass corrections.
Predictions for Class II decays.
Let us finish our discussion giving predictions for the rates of the color suppressed decays, using the range (49) for the decay constant f D 1/2 . From the rates
we obtain the branching ratios
The central values are large enough that could in principle be measured. These rates are independent of the IW function τ 1/2 (w), while they depend on the non-vanishing
Heavy quark symmetry plus factorization predicts
because of the vanishing of the f 3/2 decay constants (27) . However, it is worth noticing that, because of the large experimental errors and theoretical uncertainties (spin counting, etc.), from the BR (26) and using the isospin relation (1) we can only have a rather loose upper bound )ℓν write [17] 
and D denotes the corresponding D j J meson. For completeness, we write down the corrresponding formulas for the ground state :
The situation is given in Table 3 , a slight modification of the predictions of ref. [17] . (c) (5.6 ± 1.6) × 10 To make predictions for the SL rates we need an input on the IW functions τ 1/2 (w), τ 3/2 (w). First, we must take into account that it is reasonable to expect that the n = 0 IW functions give a sizeable contribution to Bjorken and Uraltsev SR. Making this assumption, Uraltsev SR is very constraining on the difference
, that should be not far away from ), Class II decays should be suppressed due to the vanishing of the decay constant f 3/2 in the heavy quark limit.
We must warn that 1/m Q corrections could be large and upset the results of the present stage of this analysis, as discussed in Appendix D. Also, we point out a problem with present data of semileptonic decays for the total rate to excited states.
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We Appendix A. Belle data on B → D * * π decays.
For the sake of clarity on how we extract the branching ratios of the different B → D * * π decay modes, and how we handle the errors in the text, we reproduce here the Belle data on Class I [5] and Class III decays [4] . (45.6 ± 4.4 ± 6.5 ± 1.6) MeV In this Appendix, in order to check qualitatively our simple factorization model applied to B → D * * π decay, we use it to describe the well measured decays into the ground state B → D(D * )π. The data of the PDG [16] is given in Table 5 , together with our predictions that follow from the following simple formulae.
From the definitions
we obtain the matrix elements, satisfying the isospin relation (1), (42)- (44), and for the Isgur-Wise function, we use the parametrization given by the BT model (last reference of [14] ),
that we have used in [41] to fit Belle data on B → D * ℓν [42] , that gives F * (1)|V cb | = 0.036 ± 0.002 and ρ 2 = 1.15 ± 0.18. In conclusion, from F * (1) ∼ = 0.91, we adopt the ranges |V cb | = 0.040 ± 0.002
We add the theoretical errors in quadrature, that gives, in amplitude, a 10 % error for Class I decays and a 30 % error for Class II decays. Adopting the values
obtained by the perturbative calculations [23] , and considering the uncertainties given in (B.4) and (B.6), we obtain the predictions of Table 6 . A first remark on the experimental data of Table 6 is that the isospin relation (1) Table 7 we give the results for
that agree with the data within errors. Table 7 . Same as Table 5 with the effective values a 1 ∼ = 1, a 2 ∼ = 0.3. Now Class II decays are in better agreement and the overall picture seems reasonable.
Modes Experiment Factorization
In the estimation of the B → D * * π decays in Section 3 we adopt the values (B.8)
for a 1 and a 2 . Let us here discuss how the analysis would be modified by taking into account non-perturbative corrections to factorization, following Neubert [3] . In ref. 
where the hadronic parameters ε
describing the non-factorizable contributions are given by the matrix elements
We make explicit the upper script j = 1 2 , since the situation is quite different for the decays into j = 3 2 states. Following [1] , we consider the large-N c counting rules
Keeping the terms up to order 1/N c included, one finds
The departures relative to the naive approximation presented above are given by the non-perturbative coefficient ε states, we define
where, due to (C.4),
The hadronic coefficients ε we can infer an upper limit for |ε states within the QCD Sum Rules approach [43] , we do not have presently at our disposal an estimation of all the subleading form factors defined in [28] . Therefore, we are not able at present to make an estimation of these corrections. However, a formal expansion can be done for these decays to pions, and subleading quantities can be estimated in some approximation, as we explain now.
Let us consider the most important contributions at w = w max = w 0 , that corresponds to q 2 ∼ = 0, the value for pion decays : 
